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Physiology. — “On the segmental skin-innerration by the sym- 
pathetic nervous system in vertebrates, based on ewperimental 
researches about the innervation of the pigment-cells in flat 
fishes and of the pilo-motor muscles in cats.’ By Dr. &. vax 
Rısnserk. (Communicated by Prof. C©. WINKLER.) 


(Communicated in the meeting of October 26, 1907.) 


We possess numerous, though dispersed, data, obtained either by 
means of experiments on animals or founded on clinical observations, 
tending all to confirm the opinion, that in vertebrates and in man, 
the efferent nervefibres, intended for the skin, which are conducted by 
the grey connecting branches from the lateral column of the N. 
sympathieus towards the mixed spinal nerves, are distributed within 
the area of the skin that is’ supplied with afferent fibres by the 
spinal nerve. As moreover, in general, save slight deviations, the 
efferent sympathetic fibres of the grey connecting branches have 
their origin in the ganglia of the column in wlich these branches 
apparently originate, we may assume that the zones of the skin, 
innervated by the ganglia of the sympathetic column are nearly 
identical in their distribution with the zones of the skin, supplied 
by the different corresponding spinal ganglia. Less numerous are 
the data about the relative extent of the sympathetic and spinal 
zones of the skin; but indireet indications apparently support the 
view that the zones of the skin innervated by the spinal gangiia 
are more extensive than the zones of the different corresponding 
sympathetie ganglia. With this reservation however we apparently 
may hold it very probable, that the innervation of the skin both by 
the sympathetic and by the spinal ganglia is taking place according 
to the self-same morphological scheme. Hitherto nevertlieless no 
ddireet proofs have been given by demonstrating on the self-same 
object the relative distribution .and extent of these innervation-areas. 
It has been my purpose to do this now by means of a few simple 
experiments. 


Ar The sympathetie innervation of the pigment-cells and the 
spinal innervation for sensibility of the skin in flat fishes. 
Since the elaborate researches of G. Povener ') we know that in 
several species of fishes the phenomenon of the variability of colouring 
!) &. Poucuer. Des changemenls de coloration sous l’mfluence des nerfs. — 
Journal de l’analomie et de la physiologie. Tome 12 p. 1—90, and p. 113-165, 
Parıjs 1876. 
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in the skin is direetly influenced by the sympathetie nervons system. 
lf in a turbot the connecting branches of some spinal nerves or 
these nerves themselves, in that upward turned half of the body 
containing the eyes, are cut through, there appears on the skin a 
more or less sharply defined dark zone. Povcner considered this 
phenomenon to be caused by a paralysis of the pigment-cells in 
consequence of the section of the nerves, and he called the dark 
zones appearing after section, “paralytic” zones. He made however 
no further researches as to the significance of these zones, when 
considered as innervation-areas of sympathetic ganglia, and since,, 
to my knowledge, nobody has taken up again these yet so extremely 
interesting researches. I have done so at the present time, and added 
unto this a comparative investigation about the sensible innervation 
of the skin. 

For objects I got numerous specimens of Solea (impar, vulgaris, 
monochir) and Rhomboidichthys (mancus seu podas). This latter 
species in particular, and likewise Solea impar, have furnished me 
with excellent results, and the more detailed demonstration is prin- 
cipally based on experiments made on these animals. The operative 
part of these experiments was very simple. By a longitudinal ineision, 
cleaving skin and muscles, and passing along the lateral line of the 
organ of sense in the ventral portion of the skin of the caudal part 
of the pigmented half of the body bearing the eyes, the origins of 
a few haemal vertebral spinous processes were laid bare and the 


Fig.@l; 

Scheme of course and distribution of the main trunks of the spinal nerves in 
the caudal portion of the Pleuronectidi (taken from a preparation of Rhombus 
laevis), 1, body of verlebra, 2, neutral spinous process, 3, haemal spinous process, 
4'd, 4"d, Av, #'v, first and second lonzitudinal septum of the dorsal and ventral 
imuseles, — cr, ca, eranial and caudal boundaries of the preparation. — r.d., r.m., 
r.v., ramus dorsalis, medius and ventralis of the spinal nerves — r.c.d., r.8., ramus 
comunicans and ramus spinosus uf Ihe dorsal nerve-tunks. — r.c.8., left sympathetic 

‚ connecting branch. 
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ventral branches of the spinal nerves were sought. In most cases 
these were caught up and torn off together with the connecting 
branches of the N. sympathicus, 

In all cases the visible consequence of these operations consisted 
constantly in the appearance on the skin of a more or less sharply 
defined dark field, i.e. darker than the surrounding skin. Distribution 
and extent of these dark fields were dependent on the place in the 
segmental arrangement of the sectioned nerves and on their number. 
The shape of these fields was always identical, being that ofa band, 
beginning in the dorsal marginal fin, going somewhat obliquely 
cranialward to the lateral line of the organ of sense, and thence 
somewhat obliquely caudalward towards the ventral marginal fin, 
wherein it terminated. Thus much for the shape and the general 
distribution of these zones. As regards their extent, the following 
may be stated. After destroying the connecting branch of one single 
spinal nerve I never observed any plainly visible change in the 
colouring of the skin. After destroying the connecting branches of 
two consecutive nerves, usually a narrow, not very dark zone was 
observed, that might be not easily defined. Only when three conse- 
cutive branches were destroyed, there appeared a plainly visible, 
sharply defined dark zone. 
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Fig. 2.) 
Ichomboidichthys mancus, dark zone appearing after eutting through three 
spinal nerves and the sympathetic connecting branches. 


If more than three branches were destroyed, there was found a 
dark zone, identical as to shape and position, only broader. If after 
a first section of viz. three branches, still another couple of branches, 


!) This figure and fig. 3, 4, 6, 7, 8, 9 are reproductions of photographies 
counterdrawn in outline, | 
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lying next to these first ones either cranially or caudally, were 
destroyed, the originally observed dark zone was afterwards con- 
stantly found uniformly broadened, either the cranial boundary being 
removed ceranialward or the caudal’ boundary being removed caudal- 
ward, according to the case. By these means a series of indieations 
was furnished, tending to prove that the skin-areas supplied with 
pigmento-motor fibres by each connecting branch or by the ganglia 
of the sympathetie column, are themselves likewise uninterrupted, 
zone-shaped fields. Still further data on this subject were obtained 
in the following manner. 


Fig. 3. 
Solea impar. Isolation of four spinal nerves between four nerves cut through 
eranially and four other ones cut through caudally of them. 
en 
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Fig. 4. 
Another solea, on which a similar operation had been made. 


If a few, viz. four connecting branches were destroyed, and again 
also four other ones cranially or caudally from these, leaving intact 
e.g. four branches between tlıe two, two dark zones appeared of about 
equal breadth, enelosing between them a somewhat broader zone of 
lighter eolouring, corresponding to the uninjured branches. (Fig. 3 
and 4). By means of similar experiments the supposition that the 
ganglia of the sympathetic column innervate zone-shaped skin-areas 
becomes nearly a certainty. Some results too were obtained as to 
the extent of these areas. Comparative calculations, as shown before, 
starting from measurements of the darker and lighter zones, made 
with as much accuracy as was possible, have shown that the cranial- 
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eaudalward breadth of a skin-area innervateıd by a ganglion of tbe 
sympathetic column, having an average length of 20 em. may be 
approximated at 7 mm., and that the areas overlap one another 
somewhat more than half. 

The foregoing having been duly stated, a comparison between 
the scheme of the spinal and that of the sympathetie innervation of 
the skin lay very near indeed. Once the ventral (and dorsal) branches 
of a couple of spinal nerves having been cut through together with 
{he sympathetie eonneeting branches, it is easy enough to define the 
extent and the distribution of the insensible zone of the skin resulting 
from this operation, ‚and to establish a comparison between these 
and those of the dark zone. In order to facilitate this definition, 1 
augmented the irritability for reflex actions in the animals by 
intoxicating them with a small quantity of a solution of the sulphuric 
salt of strychnia in sea-water (1 : 10.000). After this a slight scratehing 
of the skin by means of a pin’s point was sufficient to produce a 
plainly visible general reaction, making it possible to define the 
boundaries between the sensible and insensible areas with great 
preeision. I found tlıe results of a series of experiments to be nearly 
invariable, so that I may communicate them here with sufficient 
certainty. 

Generally then the anaesthetic areas and the dark zones, observed 
after the section of spinal nerves and their corresponding sympathetie 
connecting branches are found to accord completely as regards their 
extent, distribution and arrangement. Consequently the pigmento-motor 
sympathetie fibres, originating in a certain ganglion of the N.sympa- 
thieus and its connecting branch, are distributed preeisely within 
that area of the skin that is supplied with sensory fibres by the 
corresponding spinal ganglion. Both schemes therefore cover one 
another completely, and the above given particulars about the inner- 
vation of the pigment-cells, holds good likewise for the sensory 
innervation of the skin. Thus the central innervation of the skin in 
Pleuroneetidae is divided into a series of segmental areas, which 
considered in their functional significance, may be distinguished in 
sensory and pigmento-motor skin segments, but according completely 
as regards their distribution and extent. 


D. The sympathetic innervation of the pilo-motor muscles and 
the spinal sensory innervation of the skin in cats. 


The well-known researches of Lansuer (1893) !) have shown that 


1!) J. N. LaneLey. — Preliminary account of the arrangement ofthe sympathetic 
nervous system, based chiefly on observations upon pilomotor nerves. Proceedings 
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the sympathetie nerve-fibres,; intended for the pilo-motor museles of 
the skin of the trunk in cats, orieinate in the series of sanglıa of 
the column of the N. sympathieus, that they are conducted alone 
the grey connecting branches towards the relative eorresponding: 
spinal nerves, thence ‚following the primary dorsal nerve-trunks and 
the (dorsal) skin branches of these, to terminate in the pilo-motor 
muscles of the dorsal portion of the skin. Besides he has demonstrated 
that by far the greater number of the nerve-fibres, originating in 
the sympathetie ganglion, the “pilo-motor” nerves as he called them 
were conducted along the selfsame grey conneeting branch towards 
the one spinal nerve segmentally corresponding with it, and that 
along the dorsal skin-branch or branches of this nerve, they jointly 
reach the skin, where they are distributed within one uninterrupted 
area, that may be sharply defined. He found further more, that these 
skin-areas, supplied with pilo-motor nerve-fibres by the series of 
sympathetie ganglıa form a regular series, arranged on both sides of 
the mid-dorsal line of the body. As regards the relation between 
the innervation of the skin by fibres for the pilo-motor muscles 
from the sympathetie ganglia, and the innervation by sensory fibres 
from the spinal ganglia, he confined himself to comparing the arran- 
gement of the pilo-motor skin-areas innervated by the sympathetic 
sanglia with the results of the researches made by Türck and 
SHERRINGTON about the spinal innervation in the dog and the monkey. 
Direct comparisons between the sensory and the pilo-motor inner- 
vation of the skin were not made by him. These have been made 
recently by me. 

The way in which to do this was clearly indicated. At present, 
especially after the anatomical studies of BorLk on man, we may 
take it for granted, that there does not occur an interchange of 
nerve-fibres destined for the skin between the spinal nerves in the 
trunk-area in mammalia. Consequently the serially arranged skin- 
branches of the dorsal portion of the body represent separately the 
different spinal and sympathetie nerve-fibres intended for the dorsal 
portion of the skin of the trunk from the spinal nerves and sympa- 
thetic connecting branches in which they originate. In order therefore 
to obtain a knowledge of the innervation of the dorsal skin-portion 
relatively by the spinal and by the sympatletie ganglia, it is sufficient 
to define separately and then to compare the different areas of dis- 


of the R. Society of London, vol. 52, n?. 320, p. 547—556 Februari 1893. London. 
J. N. LaneLey. The arrangement of the sympathetic nervous system based chielly 
upon pilomotor nerves. Journal of Physiology (k'oster) vol. 15 n’. 3 p. 176—244. 
1893. Cambridge. 
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tribution of the pilo-motor and of the sensory fibres having their 
course in the dorsal nerve-branches of the skin. This may be done 
in a very simple way. 


Fig. 5. 
Scheme of the course of the (post ganglionic) pilomotor- and of the sensory 
nerve-fibres toward the skin of the trunk-area in cats. 


M.S. = medulla spinalis. — r.d-r.v= dorsal and ventral root. — N.S. = mixed 
spinal nerve. — d.p.d.-d.p.v.=dorsal and wventral trunk of the spinal nerve.. — 
r.e.d.=dorsal ramus cutaneus. — C.L.=lateral column of the N. Sympathicus. — 
9.SP.-9.8i. = ganglion spinale, sympathie ganglion. — r.c.=- grey connecting branch 
— — — — define the course of the spinal sensible fibres .... that of the pilo- 
motor fibres. i 


I obtained this scheme by defining first by means Of SHERRINGTON’S 
method of isolation the surface of the sensible area innervated by a 
certain skin-branch and next by the stimulus of an induced current 
applied to the same branch, causing the surface of the skin-area, 
innervated by the pilomotor 'fibres from this branch, to become visible. 
In order to do so, the hair on the trunk of the cats I made use 
of, were first cut uniformly by means of a so-called tondeuse to a 
length of about half a ec.M. Afterwards, under narcotiecs and with 
aseptic precautions (as far as possible, the skin not being shorn) a 
longitudinal ineision was made in the skin along the mid-dorsal 
line, and the skin was folded back to both sides. The connective 
tissue having been prepared the series of dorsal skin-nerves was in 
most cases pretty plainly distinguishable, and it was very easy to 
choose a definite branch for isolating and to section the three branches 
Iying next to this one both eranialward and caudalward, either after 
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having loosened them from the adjacent blood-vessels that mostly 
follow the same course, or else together with the bloodvessels 
between a double ligature. The skin was then skitched and the 
animal was allowed a few days quiet. After this the sensible and 
the insensible areas to. be found in the skin were defined and their 
boundaries carefully indicated by means of coloured demarcation- 
lines. Finally the animal was again brought under narcosis, the 
ineision in the skin was reopened and the isolated nerves were laid 
bare and stimulated. The area-field, on which the hair was rising, 
was demarcated by another colour. 


Fig. 6. 
Pilomotor area of the 7tlı thoracal nerve. 


Fig. 7. 
Pilomotor area of the 8:h thoracal nerve in the same cat. 


As regards ihe pilomoter nerves I can be short, as I have hardly 
anything to add to the very accurate communications of LAnGLEY 
on this subject. Like him I found in my experiments that the 
areas in which during the irritation of different skin-branches 
and on different animals tbe hair rose, showed rather important 
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differences, both as to their extent, shape and boundaries and as to 
the intensity of the phenomenon itself. Usnally the field, in whieh 
the hair rose, was nearly rectangular, and save for a slight 
deviation eaudal-ward, it was Iying vertically on the mid-dorsal line. 
In the most successful experiments the pilo-motor areas extended nearly 
unto the dorsal axilla-inguinal line over a dorso-ventral surface of 
almost 60 m.M. The eranio-caudal breadth amounted on the average 
to 26 m.M: For an instance of the proportions of the pilomotor 
areas in an exceptionally favourable case I refer to the photographs 
represented in fig. 6 and 7. 

The isolated sensible areas usually presented a shape not greatly 
different from that of the pilomotor areas described above. Like these 
they were generally nearly rectangular, Iying almost vertically on the 
mid-dorsal line, and they showed likewise a slight deviation caudal- 
ward, perhaps even somewhat more marked. Oranially and caudally 
they were bounded by the insensible areas; ventrally they passed 
without any distinet boundaries into the lateral part of the body, 
where sensibility was retained wholly intact. The eranio-caudal 
breadth of the sensible areas was on the average 30 m.M., their 
dorso-ventral extent of course was not to be defined; that of the 
insensible areas was on the average 60 m.M. 

We may now pass on to a comparison between the sensible and 
the pilomotor skin-areas. On account of what I remarked before 
about the variability both as to shape and extent of these latteır ones, 
it may be inferred already that the results of this comparison presented 
likewise great differences. On one important point however the results 
of all my experiments are in accord: the pilomotor skin-area was 
always to be found within the sensible area of the isolated nerve- 
branch. In. this respect the principal problem I had put before me 
in all my experiments, may be considered to have been solved, at 
least for that portion of the skin of the trunk on which I made my 
experiments. As regards further the relative extent of the sensible 
and of the pilomotor skin-areas, and the exact situation of the latter 
within the former, I found, as remarked before, great differences. 
Sometimes the pilomotor field area had an extent nearly equal to 
that of the sensible field, both fields being consequently almost 
identical. In the majority of cases however the pilomotor skin-area 
was less extensive in all directions than the sensible area. The place, 
oceupied by the pilomotor field within the sensible field differed 
greatly in different cases. Generally it was lying almost in the midst 
of it, as is shown in the cats, photographies of which are represented 
in fig. 8 and 9, 


Fig. 8. 
Situation of the pilomotor skin-area (white) within the sensible area nearlv 
isolated by insensible areas (hatched transversally). 


Fig. 9. 


Tlıe same in another cat. 


In another case however it lay nearer to the eranial or caudal 
boundary of the sensible area, I have not been able to state a definite 
rule in this respect. 

Returning now to the prineipal problem aimed at by my rescarches, 
we find that from the above statements it has become evident that 
the pilomotor nerve-fibres and the sensory fibres having their course 
in the dorsal skin-branches of the skin of the trunk in cats, are 
distributed within areas of the skin that are in accordance as to 
situation and arrangement but not as regards their extent. Thence 
it follows that the sympathetie ganglia and the spinal ganglia inner- 
vate (he skin after the same scheme, and although the relations in 
cats are less simple than those ‚found in flat fishes, still I believe 
that here likewise the scheme of the pilomotor innervation of the 
skin by means of the marginal column of the sympathetic nervous 
system may be called a “segmental” scheme. 
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Physics. — “Some remarks on the expansion of platinum at low 
temperatures’. By Prof. H. Kameruinsn Onnes and J. CLar. 
Supplement N’. 17 to the Communications from the Physical 
Laboratory at Leiden. 


(Communicated in the meeting of September 28, 1907). 


The communication from the “Physikalisch-technische Reichsanstalt’”’ 
by K. ScheeL in the meeting of Jan. 11, 1907 of the “Deutsche 
physikalische Gesellschaft” led us to make a remark already 
in the Meeting of June 29, 1907 (These Proc. Sept. 1907 p. 200). 
In Communication N’. 95° (These Proc. Sept. ’06 p. 199) we had 
given a quadratic formula for the expansion of platinum below 0°, 
from which followed that, as was remarked in the Introduction of 
that Communication, a formula of the third degree is required if we 
wish to represent the expansion of platinum from — 180° to + 100° 
by one polynomial with increasing powers of t, and if we have to 
deal with observations which if repeated a sufficient number of 
times, allow us to reach an accuracy (comp. $ I of Comm. N°. 85, 
June ’03, These Proc. April ’05) of '/,. in the expansion. We found 
this confirmed by the measurements of SCHEEL, who arrived at the 
same result by determining a quadratic formula for the expansion 
of platinum above 0°, and by measuring the length at — 190°. 

We now consider the striking difference of the expansion at low 
temperatures according to the formula given by us, and that according 
to SCHEEL’S formula, viz.: 43 u for the expansion of a bar of 1 meter 
between — 183° and + 16°, (ef. Schesz loe. eit. p. 19, note 1), a 
difference much greater than could be accounted for by theinaccuraey 
of the observations. 

For an explanation of this discrepaney we call attention to the 
difference of the observations of Dec. 16 1904 and Febr. 3, 1905 
in Table II of Comm. N’. 95°, which give as length of the platinum 
bar provided with the two glass extremities, at 16°!) before it had 
ever been reduced to low temperature, 1027.460 m.m., and a long 
time after it had been reduced to low temperature for the last time, 
1027.457 m.m., mean 1027.458 m.m., with that of Deec.19, 21 and 
23 in the same table which yield the mean value 1027.441 mm. 
(from 1027.441, 1027.442 and 1027.440) for the length at 16°, 
which was observed on return to the ordinary temperature a day after 


!) In Table II of this communication under Lıc° for the ordinary temperatures 
the length of the bar at 16° reduced on the measuring rod at 16° has been 
given and not the length at $ as in the tables of Comm. NP, 85. 
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the cooling. Indeed this former mean value is 17 a larger than the laiter. 

Now this difference of 17 u, which refers to a bar of platinum 
of 810 mm. (for a bar of 1 M. it would be 20 u) exceeds the 
errors which may be ascribed to the inaceuracy of the observation 
by about half the difference which exists between ScherL’s formula 
and our formula of June 1906. 

As basis for the caleulation of our formula the mean ', of the 
two lengths has been taken. We arrive at values for the expansion 
nearer !o those of ScHERL when for the length at the ordinary tem- 
perature we take that which was found immediately after cooling, 
instead of the mean of this length and the length which was found 
long before and after the cooling, as was done in the calculation 
of our formula of June 1907. If we now make use of the first- 
mentioned length, that which was found immediately after cooling, 
in order to find the coefficients now distinguished by (a) and (b) 
from the former a and 5 in the formula: 


ı=b ( + |(a) (5) + (b) (%)\ 10 ) 


we find: 
(a) 877.7, KAMERLINGR ONNES 
(b) 35.71 and Cray (1905) 
Platinum 
(— 183° to + 16°) whereas 
(a) 861.5 


| (b) 37 3% ScHEEL (1906) 


It is true that the now remaining difference of 34 u per M. with 
an expansion of — 183° to 4 16° remains considerably larger than 
the accuracy of the observations would lead us to expect, but it is 
eonsiderably smaller than that found originally, and taking into 
consideration the different sources of uncertainty whether we observe 
really what we think we observe, the small number of measurements, 
and the difference of the methods applied at low temperatures for 
the first time, it is not great. 

We had hoped to obtain further information on the difference in 
length of our bar at ordinary temperature immediately after the 
cooling and long after it, but have not yet been able to do so. 

Differences as the one discussed now have more occurred in our 
measurements. We have pointed this out in Comm. N’. 95% and 


1) In the caleulations for the glass the values of the length immediately after 
the cooling, Dec. 23 in Table I, and April 15 and 16 in Table Ill, have been left 
out.of account in connection with the further observations. 
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for glass we have expressly investigated the possibility of thermical 
hysteresis on cooling to the lowest temperatures. In connection with 
what has been said in Comm. N’. 95? we fear that for the above 
treated differenee an irregularity in the behaviour of the place of 
fusion of the glass points to the platinum bar has played a part, to 
prevent which further experiments ought to be made with still 
greater care. If what we now think probable; is verified, observations 
in which a difference as the one considered just now, manifests itself, 
should be rejected. 

Besides the formula öf the second degree for temperatures below 
0°, we have also caleulated a formula of the third degree 


Zar Rear are (5) +0 (m) 10 | 


for the expansion of platinum between —183° and + 80° by the 
aid of Brwom’s observations from 0° to + 80°, in which formula 
(@), (8), (ec) refer to the length at the ordinary temperature imme- 
diately after the cooling. 

The agreement of 


80 Eh Bexoit and 
189° (b’) 31.6 ; KAMERLINGH ÖNNES 
(ec) —1.49 and Crar (1905) 
Platinum | 
(a’) 874.9 | 
Er (b) 31.41 SCHEEL (1906) 
(c’) -- 6.94 


is pretty satisfactory. Substitution of Scheen’s values for those of 
Bexor would bring about only a slight change in the first group 
of coefficients. 


Anatomy. — “On the Development of the Corpus callosum in the 
human Brain.” By Prof. J. W. Laneeraan. (Communicated by 
Prof. IV Pike); 


The points that at this moment seem of interest in the history 
of the development of the corpus callosum have been clearly for- 
mulated by Rerzuus ') in the form of questions. Two of these are: 
1. Where does the corpus callosum originate? 2. Of what 


) Aurzaal Da Menschenhirn. Stockholm 1896. p. 6. 
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elements is it composed at its first appearance? The third question 
of Rerzıvs has been amplified by Zuck&rkannı ') and may be formn- 
lated as follows: what are the changes occurring in the mesial wall 
of the pallium in consequence .of the development of the corpus 
eallosum ? 

For the answering of the first question a human embryo of the 
beginning of the fourth month was at my disposal. The fronto- 
oeeipital diameter of the corpus callosum amounted to but 0.5 m.m. 
Figure 1 shows a frontal section through the more posterior part of 
the lamina terminalis. 

The plane of section deviating a little from the frontal plane, that 
which is shown in the right part of the drawing is more frontally 
placed than that which is shown in the left part. 

As appears from the drawing the corpus callosum lies in the 
lamina terminalis; especially on the left this is elearly evident, where 
the underborder of the pallium goes over into a taenia (7) which 
is bent in and passes over into the lamina terminalis (Z.t.). Tlie fact 
that the ependyma of the lamina terminalis, which is continued into 
the ependyma of the taenia, also spreads underneath the corpus 
callosum, obviates all doubt as to the existence of this relation. If 
now the sections are examined more frontally, it will be seen, that 
the more frontal part of the corpus callosum no longer lies in the 
lamina terminalis. This part of the corpus callosum exceeds the 
limits of the lamina and is situated in the zone of union of the 
mesial walls of the pallium. This zone is built up of glia-tissue and 
in immediate continuity with the glia-layer covering the fore-side of 
tlıe lamina terminalis. 

On the ground of this observation I believe that the corpus cal- 
losum originates in the lamina terminalis, very soon, however, in 
consequence of the enlargement of the commissure, preponderantly 
in a frontal direction, it encroaches on the lamina and lies partially 
in the zone of union of the pallia. 

Another embryo, of the middle of the fourth month, exhibits a 
corpus callosum with a maximum diameter of 2.5 m.m. Here the 
commissure is still entirely situated in front of the foramen Monroi. 
Figure II shows a frontal section through the more posterior part 
of the corpus callosum. In this section the corpus callosum (C.c.) 
lies most dorsally, laterally going over into the mesial wall of the 
pallium. In this wall, aside from the eallosum, we find the fornix 


1) Zuckerkanpt. Sitzb. K. Acad. der W. Matlı. Naturw. el. Bd. CX. hı. \lIl. 
Wien 1901. p. 234. 
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(F)) which, in the mesial wall of the pallium, is not clearly dis- 
tinguishable from the corpus callosum. Downwards, the fornix may 
be followed as far as the anterior commissure (C.a.). In the angle, 
where callosum and fornix meet, lies a bundle of fibres (Ps.) 
ventrally from the corpus callosum and coming from behind. This 
bundle erosses in the middle-line anotber bundle of the same kind 
coming from the opposite direction. This *erossing-system is the 
fornix-commissure. More frontally this commissure is wanting and 
only the callosum and the fornix are present in the relation I just 
now described. 

From the topographical relation of the corpus callosum to the 
fornix-commissure the deduction may be made that the more posterior 
part of the callosum is equivalent to the splenium. In the same way 
it follows from the relation of the callosum to the fornix-bundle that 
the more anterior part of the callosum corresponds with the genu 
of that structure. The origin of the corpus callosum therefore 
comprises the whole commissure, and consequently the growth of 
the corpus callosum does not take place by means of the apposition 
of new systems of fibres, but by an equable enlargement in corre- 
spondence with the growth of the pallium. 

The most preponderant change in the structure of tlıe mesial wall 
of the pallium at the place of origin of the callosum consists in the 
cortex-layer bending a little inward and ending with a sharp edge. 
The middle-layer of the wall of the pallium gets richer in nuclei; 
these nuclei surround the callosum and the fornix like acap. Along 
the lower edge of the cortex-layer they penetrate into the marginal- 
zone of the wall of the pallium. By this process the marginal-zone 
disappears as a separate layer. 

In the zone of union of the mesial walls of the pallium the changes 
in the structure of this wall are more considerable; the observation, 
that the most mesial bundles of the fornix pass through the glia- 
tissue of this zone of union, seems of importance here, as from this 
fact may be derived, that the re-constructed mesial wall of the 
palllium — the later septum lucidum — comprises more than the 
original mesial wall. 


Fig. I. 
Frontal section of the more posterior part of the lamina terminalis. 
Section 20 u stained with haematoxylin and eosin. Enl. 16.5 diam. 
C.a. Anterior commissure. L.t. Lamina terminalis. 


C.c. Corpus callosum. L.tr. Lamina trapezoidea. 
C.ch. Corpus chorioideum. T. Taenia. 


Prof. J. W. LANGELAAN. “On the Development of the Corpus callosum in the human Brain.” 


Verslagen der Afdeeling Natuurk. DI. XVI. A°.'1907/8. 
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F. Fornix. V.l. Lateral ventriele. 
L.c. Limbus eorticalis. V.t. Third ventricle. 
L.m. Limbus medullaris. 


Fig. II. 

Frontal section through the more posterior part of the corpus 

callosum. Section 15 « stained with haematoxylin and eosin. Enl, 
13 diam. 


C. Zone of union of the pallia. /.c. Limbus corticalis. 
C.a. Anterior coummissure. L.m. Limbus medullaris. 
C.c. Corpus callosum. L.tr. Lamina trapezoidea. 
C.ch. Corpus chorioideum. Ps. Fornix commmissure. 
C.str. Corpus striatum. V.l. Lateral ventricle. 
F. Fornix. V.t. Third ventricle. 


Mathematics. — “On an infinite product, represented by a definite 
integral.” By Prof. W. Kaptern. 


The object of this paper is to write the infinite product 


ulı ARE 
EN a) 


in the form of a definite integral. 
This product is connected with mod. T(u + w), for 
mod. T(u + iv) = T (u) .e-? ww) (u > 0) 


where 
Pun=g&ulit) ) 
thus 
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md?’ Tu+ü = EEE TERT: 
z\1l _ 
Ei ” Er) 
and 
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To write the second member of this equation in the form of a 
definite integral, we start from WeısrsTRrAss’ definition 
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where the integral is taken along a curve I]” commencing at negative 


3 Nielsen. Handbuch der Theorie der Gammafunctionen p. 23. 
23 
Proceedings Royal Acad. Amsterdam. Vol. X. 
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infinity, eireulating around the origin in the positive direction, and 
returning to negative infinity again; thus 


an iz = t1—2 dt > tt dt 
m De a — e-"mız eo tt”? k 
T«) 

0 


0 


and fz=u+tw 
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This double integral may be reduced to a single one, for 
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If in this integral, we change the variable by the substitution 
O0 =e2 
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Writing u=1-— u we may also conclude from the preceding that 
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Physics. — “Magnetic ‚resolution of spectral lines and magnetic 
Force.” By Prof. P. Zurman. (Second part). ‘) 


Asymmetry in strong fields. 


2. By means of the method of the non-uniform field, described 
in the first part of this communication, it is possible to survey at 
one glance a phenomenon dependent upon the intensity 01 the 
magnetic field for a series of different intensities, all other eicum- 
stances surely being the same. 

I there proposed to use this method for a more minute study 
concerning an asymmetry of the resolution of spectral lines first 
predicted from theory by Voigt’) and lately considered by LorENTZ °) 
from another point of view. 

The theoretical result of Voigt, applying to the case of resolution 
into a Zriplet, may be given in his own words: “dass das normal 
zu den Kraftlinien wahrnehmbare Duplet der parallel zu Z [magnetic 
force] polarisirten Componenten bei kleineren Feldstärken in der 
Weise unsymmetrisch ist, dass die nach Rot liegende Componente die 
grössere Intensität, die nach Violett hin liegende aber den grösseren 
Abstand von der ursprünglichen Absorptionslinie besitzt.” Voigt here 
mentions an absorption line because he considers the so called in- 
verse effect, by reason however of the parallelliism of the pheno- 
mena of emission and absorption, the emission lines show analogous 
phenomena. 

The amount of the asymmetry of the distances, i. e. the difference 
of the distances of the outer components from the middle line, ought 
to be on Voısr’s theory independent of the strength of the magnetic 
field. Moreover it is to be inferred that ihe described asymmetry 
must be scarcely observable. 

On a former occasion *) I have given some examples of asymme- 
trical resolution and measurements since published by other physicists 
undoubtedly go far towards confirming these results. 

A more minute investigation of the course of the magnetic separa- 
tion, when the scale of field intensities from large to small values 
is traversed, is I think still of great theoretical interest. The most 
interesting parts of the scale are'of course the very strong and the 
weak fields. 


)) Continued from Proceedings of April 1906. 

2) Vorsr. Ann. d. Phys 1. p: 376. 1900. 

3) Lorentz. These Proceedings November, December 1905. 

+) Zeeman. ibid. December 1899. Archiv. Neerl. (2) T. 5. 237—242. 1900. 
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The most striking example of asymmetrical resolution that I know 
of, oceurs in the case of öne of the yellow imercury lines (5791). 
The structure of a line like this one cannot be made out by means 
of MicnzLson’s interferometer. Indeed the assumption of symmetry, 
which is, as has been proved by Lord Rartsich '), necessary to 
deduce the structure from the visibility curve in this case certainly 
is unjustified. 


3. Following the method described in the first part of this paper 
I have made some experiments concerning the mentioned spectrai 
line in strong fields. For the RowLanD grating used in my obser- 
vations I am indebted to the dutch Society of Sciences at Haarlem. 
Presently I hope to give an account of results obtained in weak 
fields by means of an interference method. 

The grating has 10.000 lines to the inch and a radius of curvature 
of 6.5 M., the divided part being of 14 cm. width. In the use of 
my method the grating necessarily should be mounted in such a 
manner that to every point of the slit corresponds only one point 
of the spectral image. ROWLAND’s concave grating can be mounted 
in a non-astigmatic manner as has been remarked by Runer and 
PascHeEn ?) and this arrangement was made use of in former inves- 
tigations by myself, °) HaLLo and Gessr. ®) 

All observations recorded in the present paper were made with 
the spectrum of the first order. 


4. Whereas the mercury line 5791 is resolved asymmetrically, the 
neighbouring line 5770 is resolved by the magnetic field into a 
perfectly symmetrical triplet, or at least very approximately so. I 
have used this circumstance for applying the optical method of 
measurement of field (see $ 1), the mentioned yellow lines being 
easily photographed simultaneously. 

Fig. 1 represents a ninefold enlargement of one of the negatives. 
According to measurements of Fasry and PrrorT the difference of 
wavelength of the yellow mercury lines is 5790.66 — 5769.60 — 21.06 
A.U., hence 1 m.m. in Fig. 1 corresponds to 0.551 A.U. Inspection 
of Fig. 1 clearly shows that line 5791 is asymmetrically resolved. 
Perhaps this is still more evident in the enlargements Figures 2 and 
3 of parts of Fig. 1. 


!) Rayreien. Phil. Mag. November 1892. 
®) Ringe and Pascuen. Wied. Ann. Bd. 61. p. 641. 1897. 


3) Zeeman. Archiv. Neerl. (2) T. 5. 237. 1900, T. 7. 465. 1902. These Proc. 
May 1902, May 1903, Dec. 1904. 


*) Harto. Archiv. Neerl. (2) T. 10. p. 148., Gzssr. (2) T. 10 p. 291. 1905. 
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Our objeet of investigation is the relation between asymmetry and 
strength of field. 

The measurements were made in the following way. The negative 
‚was placed on the comparator, in such a manner, that the middle 
line of one of the triplets was contained between the two parailel 
wires in the reading microscope. The parallel wires had been placed 
previously at right angles to the direetion of motion of the negative. 
It appeared that if with one of the triplets the desired coineidence 
had been obtained, this was also the case with the other. An extra 
system of cross wires, crossing under an angle of about 50°, was 
used in the measurements and made it possible to determine the 
resolution in the selected point of the lines. 

The resolution of one line having been measured for a definite 
value of the magnetic force, the corresponding resolution in the 
corresponding point of the second line was determined immediately 
afterwards. 

The line 5770 appeared to be divided almost exactly symmetri- 
cally, so that the resolution could be taken as a measure of the 
magnetic force. 

On the obtained negatives 34 series of measurements were made. 
They relate to different points of 10 negatives made at different times. 

The vacuum tubes used were intentionally made somewhat dissimilar. 

In order to control the results the negatives were taken with 
different maximum intensity of field. 

Finally the negatives obtained can be distributed into two groups, 
differing by the position of the grating. After taking 7 negatives I 
resolved to rotate the grating in its own plane through 180° in order 
to see whether this had some influence on the asymwetry. 

This appeared to be not the case, but the apparent distribution of 
intensities changed in a remarkable manner. Whereas in one position 
of the grating figures 1—5 were obtained, the middle line being 
strong and the outer components rather weak, the distribution of 
light after rotation became reversed. In this position of the grating 
Fig. 1 of my last paper was taken. (See these Proceedings October 
1907). The middle line is very weak and the outer components 
predominate. ck 

5. The results of the measurements are dealed with in the following 
way. The amounts of separation of line 5791 towards the red and 
towards the violet are supposed to be functions of the separation 
of line 5770, which may be treated as proportional to the magnetic 
force. The separations of line 5770 may be taken as abscissae, the 
two other separations as ordinates. 
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Groups of four or five single proximate results simply were com- 
bined by assigning to each mean abseissa the mean ordinate. 


The 2 X 7 prineipal values thus obtained are given in the first 
three columns of the following table. 


Mean Separation 5791 { Intensity of 
separation | tuwards amade Asymmetry field 
u red violet in Gauss 
270 234 259 25 14800 
328 283 312 29 18020 
362 313 345 32 19860 
399 BR, „=: . 388 35 A190 
440 394 431 37 2A) 
453 404 442 38 24880 
532 475 523 48 29220 


All these differences of wavelength are given in thousandths- of 
an ÄnGsTRöM unit. 

The fourth column in like manner gives the amount of the 
asymmetry. 

6. The last column contains the field intensity in Gauss. In cal- 
eulating it I have assumed proportionality between separation and 
magnetic force. 

Increasing accuracy of the measurements has furnished eontinually 
increasing arguments for this proportionality and the investigations of 
FäÄrBEr '), Weiss and Corron ’), PAscHEN°) and STETTENHEIMER *) have 
given a high degree of certainty to this simple law. 

The numbers in the fifth column are deduced from those in the 
first by means of the separations of line 5770 +0.414 and — 0.415 
given by Runge and Paschen for the field used in their investigation. 

The measurements of Runes and PAschENn concerning the mercury 
lines refer, as Prof. Pascuen has kindly commmunicated to me, to 
a field of 22750 Gauss according to measurements made in his 
laboratory by Frl. STETTENHEIMER, and of 22780 Gauss according 


1) FÄRBER. Diss. Tübingen, 1902; Ann. d. Phys. 9, 886, 1902. 

?) Weiss and Corron. Journal de Physique. Juin 1907, 

3) Paschen. Physik. Zeitschr. 8 Jahrgang N?. 16. 522, 1907. 

*) STETTENHEIMER. Diss. Tübingen, 1907; Ann. d. Phys. 24, 384 1907. 
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to measurements, not hitherto published, by Gmenn. In redueing 
my observations I have therefore taken 22765 as ıhe value of the 
magnetic force belonging to the mean of the two numbers mentioned 
for the separation. 2 ge 

7. The results are graphically represented in the following dia- 
gram. The abseissae are the separations of line 5770 in A.U., and 
the corresponding field intensities in Gauss, the ordinates the corre- 
sponding separations of 5791. The small crosses represent the obser- 
vations of the table in $ 5. 

The full freehand lines give the best mean result of the observa- 
tions. (See $ 9). 

The signification of the upper dotted straight line is the following. 
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The mean of the 34 single values of the asymmetry is 0.036 A.U. 
The straight dotted line has been traced parallel to the lower line 
at a distance of 36 thousandths of an AÄNGSTRÖM unit, measured 
- along the ordinate. 

8. We may infer from our observations that with the fields used, 
from 15000 to 30000 Gauss, an asymmetry undoubtedly exists which 
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to say the least bears a very striking resemblance to the one deduced 
from theory by Voier. 

In both cases, the theoretical one and that following from our 
experiments, there is a difference of the distances between the central 
line and the two outer components, in this sense that the component 
towards the red is nearer to the middle line than that towards the 
violet, just as predieted by theory. 

There exists also an asymmetry of the intensities of the outer 
components in the sense indicated by theory. 

An inspection e.g. Of the original negative of which Fig. 1 is a 
nine-fold reproduction, or of the reproduction Fig. 1, or better of 
reprints on photographic paper of the 29-fold enlargement given in 
Fig. 2 or even of that figure reveals tlıe existence of a very small 
asymmetry of intensity. This is perhaps most clearly seen by looking 
at the figure from a not t00 small distance, covering the central line 
with a small strip of paper. No trace of asymmetry can be seen in 
the triplet of line 5770, see also the enlargements Fig. +4 and Fig. 5 
of the middle and outer parts of the right of Fig. 1. 

On the other hand there seems to be a difference between theory 
and observation in this respect, that the amount of asymmetry appears 
to be not constant. The table of $ 5 and the graphical representation 
clearly indicate that when the magnetic force decreases from 30000 
to 15000 Gauss the asymmetry also is nearly halved. '!). 

An error of an amount sufficient to bring a single point of the 
upper line on the dotted one is not absolutely excluded (see $ 9). 
|For the right part of the diagram the error ought to be three times 
the probable error of one single of the principal values (see $ 5) and 
would happen therefore on the average in one out of every twenty 
tlıree cases]. 

We have however reasonable security against a combination of 
errors which would move all the points of the full line to the 
dotted one. 

Of course we cannot deduce from the now determined part of 
(he upper line whether or not it will approach asymptotically to a 
finite distance of the lower one. 

9. We may now consider the question as to the best fitting 
straight lines to our two systems of points. 

Measuring the divergencies at right angles to the line the best fit 
will be obtained if we make the sum of the squares of the perpen- 


!) An excellent series of measurements made after the writing of this article 
gives a somewhat lower rate of decrease, the mean value of the asymmetry 
being the same. 
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dieulars from the system of points to the line a minimum. The line 
thus determined will be the prineipal axis of inertia of the system 
of points °). 

Performing this caleulation we.find that the best fitting lower line 
passes through the point with the coordinates 398, 351, at a slope 
determined by 4, = 43°6'. For the upper line these numbers become 
398, 386, whereas 6, — 45°35'. 

In order to judge of the accuracy obtained in the representation 
of the observations by these straight lines the following table may 
serve. The third and fourth column, resp. the sixth and seventh 
column contain the errors of the abseissae and ordinates of the two 
point systems to be assumed, if the straight lines are supposed correct. 


Mean Separation Separation 
separation 579 Aa 50 le NA, N 

5770 towards red violet 
270 234 +16| — 1.8 259 +1.4| — 1.3 
328 283 —12|/ +1.4 312 —16| +1.6 
362 313 — 2414| + 2.2 345 —20| +20 
399 353 +04), — 04 388 0 0 
440 394 +13|—1415 431 +1.0|—09 
453 404 +02 | —- 0.2 442 0 0 
532 475 —1.0|+ 1.2 n23 0 0) 


It appears from this table that the lines completely represent the 
observations, if we admit mean uncertainty of 0.0013 A. U. in 
the observations concerning line 5770 and of 0.0014 A. U. resp. 
of 0.0011. A. U. in the determination of the components towards the 
red resp. towards the violet in the case of line 5791; we must 
adımit these as appears from the distribution of deviations. 

10. The position of one point of each line may still be checked 
by the observations of Rune and Pascuen. They give for the separa- 
tion in the case of line 5770 towards the red resp. towards the 
violet + 414 + 1.7 resp. — 415 + 1.7, whereas for the same magnetic 


2) Kart, Pranson. On Lines and Planes of closest Fit to Systems of Points in 
space. Phil. Mag. p. 559. Vol. 2. 1901. Here we read: “The best fitting straight 
line for a system of points in a space of any order goes through the centroid 
of the system” cf. Kessom. These Proceedings 31 May, 1902. 
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force these numbers for line 5791 beeome + 366 + 6.7 resp. 399 + 6.7, 
the values preceded by + indicating the mean error. According to 
our observations to the abseissa 415 correspond the ordinates 368 
and 403, hence a very good agreement. 

11. From the extremely small amount of the asymmetry viz. 
0.036 A. U. one might infer after comparison with the width of the 
speetral lines in our figures that tlıe asymmefry is only a small part 
of the real width of the line, Such a conelusion would however be 
too rash. 

It is true that from our figures and from their originals follows 
an apparent width of the outer components of about 0.190 A. U. 
The negative of Fig. 1 was not taken however with extremely narrow 
slit, but with a width of slit of 0.08 m.m. Other photographs taken 
with a width of slit of 0.02 m.m. gave a somewhat smaller apparent 
width of the spectra) line as the first result. 

To be sure however of the real width of the line, which is of 
some importance here, I made an independent determination by means 
of an echelon spectroscope of high resolving power, the mercury tube 
being under ihe same circumstances, as in the experiments under 
review. The width of the spectral line appeared to be the '/,‚!" part 
of the distance of two successive orders of the echelon. In the 
vieinity of the yellow mercury lines this distance is 0.694 A. U. 


hence the width of these lines is about 


4 
—= 0.063 A.U. 


We may compare this result with a value we may deduce from 
results obtained by MicHELson. MicHELSoN’s analysis ') by means of the 
interferometer shows that in a field of 10000 Gauss the whole sepa- 
ration of the yellow mercury lines is 0.36 A. U. From his diagram 
on pag. 354 1..c. we infer that the width of the spectral line was 
under the eircumstances of the case one fourth part of the separation 
or 0.09 A. U. 

Hence taking a mean valüe for the width of 0.07 A. U. we 
conclude that the asymmetry amounts to about one half of the 
width of the line or at any rate that width and asymmetry are of 
the same order of magnitude. 


t) Micnzuson. Phil. mag. Vol. 45, p. 348. 1898, 
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P. ZEEMAN. “Magnetic resolution of spectral lines and magnetic force.” 
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1. DisP er 
5791 5791 
Enlargement of middle part of Enlargement of point of 
5791. Fig. 1. 5791. Fig. 1. 
Fig. 4, Fig. 5. 
r 
5770 5770 
Enlargement of middle part of Enlargement of point of 
5770. Fig. 1. 5770. Fig. 1. 
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EXPLANATION OF PLATES IL AND IN. 


Plate II. Fig. 1. The figure is an enlargement (about nine-fold) of the original 
negative. The yellow mercury lines 5791 and 5770 in a non-uniform field. 1 mm. 
in figure is 0.551 A. U. 4 

Plate III. Fig. 2—5 enlarged 29 times after the original. 


Fig. 2. Middle part of line 5791 in Fig. 1. ı asymmetrical 
Fig. 3. Point of line 5791 in Fig. 1. ) separalion. 
Fig. 4. Middle part of line 5770 in Fig. 1. symmetrical 
Fig 5. Point of line 5770 in Fig. 1. separation. 


The letters r and v indicate the parts towards the red and towards the violet 
ends of the spectrum. 


Botany. — “On a double reduction of the number of chromosomes 
during the formation of the sexual cells and on a subsequent 
double fertilisation in some species of Polytrichum.” By Dr. W. 
DoctTErs van LEEUWEN and Mrs. J. Docters van LERUWEN- 
Reynvaan. (Communicated by Prof. F. A. F. C. Wenr). 


In 1904 there appeared an investigation by IKExo !) on spermato- 
genesis in Marchantia polymorpha. Since then quite a number of 
researches on this subject have been carried out with liverworts. 
Here and there an occasional reference to the true Mosses has been 
made, but, as far as we are aware, nothing has been published 
on their spermatogenesis since the appearance of IKENO’s paper. 

The older publications, e.g. those of GuIenArD ?) and of STRas- 
BURGER), treat exclusively of the final changes of the spermatids to 
spermatozoids. For this reason we began the present investigation 
in 1904 soon after the publication of IKEno’s memoir; we obtained 
results, differing so widely from the ordinary conceptions, that we 
investigated, not only the spermatogenesis, but also the development 
and the fertilisation of the ovum. 

The material was fixed at a suitable time, mostly in the field, by 
a sublimate mixture, and was afterwards stained with iron-haema- 
toxylin according to HeıpenHamn. We used Polytrichum piliferum, 
P. juniperinum and P. formosum. It is our intention to give a 
more detailed account of the work and of the methods which we 
have employed, in the Recueil des Travaux Botaniques Neerlandais. 

Ikzno ınade the remarkable discovery that in the antheridial cells, 
immediately before division, a small round body passed out of the 


1) [keno Beihefte zum Botan. Centralblatt. Bd. 16, 1903. 
2) Guisnarp. Revue gen. de botanique I, 1889. 
3) StRAsBURGER. Hist. Beitr. Heft IV, 1892. 
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nucleus into the eytoplasm and divided itself into two parts, which 
during mitosis wandered to the poles of the spindle, like true centro- 
somes. Since then these centrosomes have been found again in many 
other liverworts, but according to some observers, they seem to be 
absent from the divisions in the antheridia of Pellia. 

At the diaster stage the centrosome disappeared, only to emerge 
again from the nucleus at a subsequent division. At the last division 
only of the antheridial cells it remained in the cytoplasm and was 
transformed into the blepharoplast. For this reason IKENoO considers 
the blepharoplast of the liverworts to be homologous with the 
centrosome. 

Many arguments, both for and against this view, have afterwards 
been advanced, which we will not discuss further. Without a detailed 
review of the literature such a discussion _ would scarcely be possible. 

Our results with Polytricbum agree in part with those published 
by Ikkno and others, but also at the same time differ from them in 
certain respects. 


I. On the growth of the antheridial cells and om spermatogenesis. 


In the antheridia the cells are closely packed. The nuclei are 
spherical and contain at their centre a substance, which is deeply 
stained by iron-haematoxylin. We do not propose to diseuss whether 
this is, or is not, a nucleolus. There is no agreement in the literature 
on this point and different investigators designate by nucleolus the 
most widely different structures. It is, however, usual in botanical 
literature to call such a body a nucleolus, though it also takes up 
the other chromatin stains very readily. However this may be, the 
dark mass lies in the middle of the nucleus, and slightly more to- 
wards the periphery tbere is, in addition, another fairly large, black 
corpuscle. 

If nuclei are examined in various stages of rest and mitosis, those, 
which are furthest removed from their next division only show the 
central black mass. A little later the corpuscle also appears, at first 
connected to the central mass by a thin black thread. Soon this 
connexion disappears and the corpuscle approaches more and more 
the nuclear membrane. After some time it emerges from the nucleus 
and remains imbedded in the cytoplasm, in contact with the nuclear 
membrane. The corpuscle which was at first round, now becomes 
rod-shaped and afterwards undergoes constrietion in the middle, thus 
assuming a dumb-bell shape. It subsequently divides into small spheres, 
which move along the nuclear membrane and which become more 
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and more widely separated. At this stage each little corpusele is 
surrounded by a light border, which becomes especially noticeable, 
when the corpuscles separate from the nucleus. 

During mitosis (he two corpuseles are found at the tops of the 
spindle and hence may well be called centrosomes. There are, 
especially during division, many black granules in the eytoplasm. 
This always renders the investigation more diffieult, but in the first 
place the two centrosomes are larger than the other granules and 
secondly they are surrounded by a lightborder. In the case of 
animal cells their centrosome nature would not be doubted, but with 
vegetable cells a certain amount of reserve is still very desirable. 
We do not hesitate, however, to call these bodies centrosomes. Of 
course they do not stain well in all mitoses. Any one who has 
searched for centrosomes in animal tissues, knows, that the staining 
of these corpuscles is difficult, even in objects which are famous for 
them. The centrosomes of Polytrichum accordingly have a chromatie 
origin. They originate in the nucleus and divide into two in the 
cytoplasm. 

IKEno describes these corpuscles as disappearing in the diaster 
stage. This is not the case in Polytrichum. They do not remain in 
their places, but may be found in various cells moving more and 
more to the other side of the chromosomes, so that at last they lie 
opposite each other among the spindle threads, which unite the two 
chromosome masses. When the daughter nuclei have only just been 
formed and the chromosomes are therefore still more or less clearly 
visible, the corpuscle lies between them; afterwards everything be- 
comes a black mass. At the last division of the antheridial cells the 
centrosome is also taken up in the nucleus and there is here no 
deviation from what is found in liverworts. 

After this, such changes begin, as finally lead to the formation or 
the spermatozoids. 

We did not succeed in finding young sporogonia with many young 
spore mother-cells undergoing division. 

We found, however, numerous dividing nuclei in the vegetative 
cells of young sporogonia and hence it was not difficult to make 
out the actual number of the chromosomes. The chromosomes are 
small, but they are sharply differentiated and may be especially well 
recognised in the” equatorial plane. We found that the cells of the 
sporogonium have 12 chromosomes. 

Judging from analogy with what is known of liverworts and 
vascular eryptogams, it was safe to assume that in the formation of 
the spores a reduction of the chromosomes would take place, and 
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that their number in the gametophyte would hence be six. We did 
in fact, always find six chromosomes in the cells of the antheridium 
and in those of the female plants. 

When the antheridia have arrived at the end of their development, 
the chromosomes assume a different appearance. At first they are, 
relatively to their length, fairly thick rodlets. At the last but one 
division, however, they have the same length, but become much 
thinner and are no longer so smooth. At this stage six chromosomes 
can always still be clearly observed. At the last division, and there- 
fore immediately before the actual formation of the spermatozoids, 
three of the six chromosomes go to one pole and three to the other pole. 

The nuclei of the spermatozoids therefore do not contain six, but 
three chromosomes, i. e. a quarter of the number contained in the 
nuclei of the vegetative generation. 

The cells, in which the reducing division has taken place, and 
which therefore are about to develop into spermatozoids, may be 
recognized by their almost invisible cell wall and by their beginning 
to round themselves off. The nucleus has again a central mass of 
chromatin, which is, however, appreciably smaller than that in the 
younger cells. 

This mass again extrudes a chromatin granule in the usual manner 
which travels to the periphery and then emerges from the nucleus. 
The corpusele arises therefore in the same way as the centrosome 
in the cells undergoing division. It does not, however, divide but 
goes at once to the periphery of the cell. Meanwhile a piece is 
again separated from the mass of chromatin in the nucleus, and this 
time the part separated off is so large, that it is often almost equal 
to the remainder. At first the two portions remain connected, but 
afterwards they become completely separated and finally the part 
of the chromatin which has been split off, wanders out of the nucleus. 

Ikeno also describes in the changed spermatids of Marchantia the 
occurrence of a chromatin body by the side of the nucleus, when 
the centrosome has already quite reached the periphery. 

Where it comes from, he does not know, nor what subsequently 
happens to it; he only says that the organ disappears again later 
and calls it “chromatoide Nebenkörper”, which name we may retain. 

‚Having arrived outside the nucleus, it changes its shape in Poly- 
trichum and extends itself to a bent rodlet. This rodlet grows further, 
till at last it ‚becomes a closed eircular body. Afterwards it again 
becomes indistinet and in subsequent stages it can only be seen as 
: dotted ring, ‚which finally disappears completely. We have not 

een able to discover anything about the significance of this body. 
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Meanwhile the centrosome has also changed its form. It has become 
somewhat longer and more’ or less ceudgel-shaped. At the obtuse end 
a thin band then becomes visible, which goes along the periphery 
‘of the cell. The progressive differentiation of this band starts from 
the centrosome and :proceeds in the direction of the nucleus. The 
latter has also travelled to the periphery, at that side, which is 
opposite the centrosome. 

A similar band, which extends from the blepharoplast to the 
nucleus, has also been described by Ikeno. According to him it 
originates in the eytoplasm and is stained in the same way as the 
latter, but more intensely. 

In our preparations which were stained with iron-haematoxylin, 
it is very clearly visible and sharply marked out in black, but a 
difference from the staining of the chromatin may nevertheless be 
observed. 

While this band slowly grows out and the “chromatoide Neben- 
körper’ disappears, a quantity of chromatin is separated off for the 
third time from the clıromatin mass of the nucleus. This time however, 
only a very small body is formed, which also emerges from the 
nucleus, but mostly remains very close to the nuclear membrane ; 
the latter can only be seen very indistinctly. 

In a somewhat later stage the band extends along half the circum- 
ference of the cell and has therefore nearly reached the nucleus. 
The third chromatin body is found at the end of the band and in 
contact with the nucleus, so tbat in the spermatozoid it lies between 
‘the band and the modified nucleus. 

The changes which the nucleus itself undergoes in the formation 
of the spermatozoid have already been described in detail by Stras- 
BURGER and others; it seems to us therefore unnecessary to investi- 
‚gate this matter further. 


I. Development of the Ovum and Fertilisation. 


In the young archegonia the mother cell of the ovum is especially 
large. During the further development of the archegonium this cell 
divides into two and thus gives rise to an ovum and a ventral 
canal-cell. A point of difference from many other mosses is, that in 
the species of Polytrichum, which we have examined, the two 
cells are of exactly the same size. These cells now round themselves 
off and then lie loose in the venter of the archegonium. The venter 
 incereases in size and the cells which have been rounded off, separate 
from each other, till one lies at the base of the venter, and the 
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other elose to the first of the neck canal-cells. Meanwhile these 
latter degenerate, i.e. their walls disappear and they become some- 
what rounded, so that they lie detached in the neck. 

The top of the neck opens and through the opening the neck 
canal-cells pass out. This could be seen in living specimens with 
mature archegonia; when they were placed in water, the neck soon 
opened and the cells appeared one by one. 

At the stäge when the neck-cells have become separated and the 
neck itself is about to open, a large number of the neck-cells may 
be found, in fixed preparations, in the venter of the archegonium. 
They lie loose round the ovum and the ventral canal-cell. 

The ventral canal-cell now approaches the ovum and applies itself 
to the latter. No demarcation between the cytoplasm of the two cells 
can then be observed. The two nuclei lie side by side and gradually 
fuse. This was observed by us several times and in all the successive 
stages. The rest of the ventral canal-cell sbrivels up and is extruded 
like the neck canal-cells. 

Finally the ovum lies by itself in the venter with a large, normal, 
round nucleus. 

A transformation of the neck canal-cells into mucilage, as described 
by Garver') and others, does not occur. Mucilage may indeed.be 
found later in the neck, and may serve to attract spermatozoids, 
but it is probably secreted by the neck-cells themselves. 

It: now became of great importance to know the number of 
chromosomes in the nucleus of the ovum. Unfortunately, as has 
already been remarked, only a very limited number of nuclear 
divisions can be found in the tissues of Mosses, (except in the anthe- 
ridia) and hence most of the ova were either in a stage before, or 
in a stage after that of nuclear division. In the other dividing cells 
of the archegonium there were always. six chromosomes. At the stage 
immediately preceding mitosis, the nucleus of a young cell, which 
after division would form an ovum, showed six pieces of chromatin. 
Happily we found one very good mitotie stage. Here there was a. 
large spindle, parallel to the axis of the archegonium, which proved 
that we had lighted on the division of the egg mother-cell. There 
were six chromosomes, and though they were still in contaet with 
each other in pairs by one end, the other end was already directed 
to the top of the spindle. It was highly probable, that of the six 
chromosomes three were going to one and three to the other pole. 
The discovery of a nuclear fusion also leads to the supposition, that 
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the number of chromosomes was again doubled in the ovum, which 
now awaited fertilisation in the venter; the latter already communi- 
cated with the exterior. 

These two discoveries“ seem to us to justify the conclusion that 
before fertilisation the-ovum contains six chromosomes. 

We next had to attempt to find how there could be again twelve 
chromosomes after fertilisation. There were six chromosomes in the 

'ovum and three in the spermatozoid. If fecundation were to take 
place in the ordinary manner, there would still only be nine chromo- 
somes, whereas the sporogonia have twelve. 

For this purpose we fixed and cut several hundred female plants 
of Polytrichum. There was of course only a small chance, that a 
given plant would contain a fertilized archegonium, fixed at the right 
moment. In a number of cases we found, however, the desired stages 
and so now possess a fine series of preparations, illustrating in regular 
Succession, the fertilisation process from the penetration and modi- 
fication ef the spermatozoid onwards. 

The number of spermatozoids which enter the venter of the arche- 
gonium is sometimes very great, but after some have penetrated into 
the ovum, the others no longer elosely surround the ovum, but lie 
more in the direction of the neck. Hence it would appear that here 
also the fertilized egg exerts a repulsive action. 

The youngest stage, which we now possess, and which has been 
observed several times, shows near the periphery, but without a 
doubt imbedded in the cytoplasm of the ovum, two spermatozoids ; 
their length, their shape, everything agrees with that view. 

In a later stage both are in contact with the nucleus; they have 
become thicker and shorter. This thickening and shortening proceeds 
until there are two oblong corpuseles, containing a few dark granules 
in their interior, and lying against the nucleus. 

We also found a few examples of the next stage, namely an ovum 
which clearly showed three nuclei, each with a thick mass of chro- 
matin, and another ovum, in which the demarcation between the 
three nuclei was no longer so obvious; the circumference of the 
nucleus in the latter case was, however, still indented and inside the 
nucleus there were three dark masses of chromatin. We find there- 
fore, that the cells of the spordphyte contain twelve chromosomes, 
that those of the gametophyte have six, and that the spermatozoids 
have three. The ovum has again six chromosomes after fusion with 
the ventral canal-cell, and after fecundation by two spermatozoids 
there are once more twelve chromosomes. 
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